Introduction
============

Antiedema therapy with mannitol and furosemide is widely used for prevention and management of encephaloedema, elevated intracranial pressure, and cerebral hernia.[@b1-ijnrd-7-101] These drugs are also used to improve urine output, facilitate fluid management, and to take advantage of possible renoprotective properties in most intensive care units.[@b2-ijnrd-7-101]

Conversely, there are some reports about mannitol and furosemide as risk factors of acute kidney injury (AKI).[@b3-ijnrd-7-101]--[@b5-ijnrd-7-101] The reason for AKI is the diuretic effect of the two drugs, which can induce hypovolemia.[@b6-ijnrd-7-101] Mannitol can also cause AKI with proximal tubular injury, which is classified as osmotic nephrosis.[@b7-ijnrd-7-101] In this pathological process, proximal tubule epithelial cells swell and tubular lumen obstruction can occur due to vacuolization. In advanced stages, tubular necrosis can be seen.[@b7-ijnrd-7-101]

There is no well-designed study to show the relation between antiedema therapy and AKI. Most of the studies are observational and case reports. The reason for this could be the variable definitions and diagnoses of AKI, and different management protocols.[@b1-ijnrd-7-101] We investigated the risk factors for AKI including antiedema therapy in acute ischemic stroke patients.

Material and methods
====================

The data from consecutive patients with acute ischemic stroke onset between January 2010 and July 2011 were analyzed. The patients had been admitted to Baskent University Adana Training and Research Hospital. Subjects had undergone magnetic resonance imaging for cranial, carotid and vertebral artery evaluation. Patients who had died or were discharged within 72 hours were excluded due to insufficient data. Subjects who experienced systemic infection, cardiopulmonary arrest, or hypotension during the hospitalization period were excluded. Patients having dialysis treatment or with transplantation history were excluded because of confounding factors.

Age, sex, history of diabetes mellitus, hypertension, coronary artery disease, peripheral artery disease, atrial fibrillation, antihypertensive drugs, anticoagulant drugs, and blood pressure at admission were recorded. Hypertension was defined according to the following criteria: previous hypertension; currently taking antihypertensive medication; or chronically high blood pressure exceeding 140/90 mmHg. Diabetes mellitus was defined as: fasting blood sugar ≥126 mg/dL; nonfasting blood sugar ≥200 mg/dL; or current use of insulin or oral hypoglycemic agent. Coronary artery disease was defined as prior myocardial infarction history and/or prior angiographic examination. As an antiedema therapy, mannitol was used 3 g/kg/day and furosemide 40 mg/day. The medications used from the time of admission to the time AKI occurred were recorded.

Identification of kidney damage was established based on the Kidney Disease Outcomes Quality Initiative of the National Kidney Foundation guidelines.[@b8-ijnrd-7-101] Glomerular filtration rate (GFR) was estimated by the modification of diet in renal disease method.[@b8-ijnrd-7-101] Serum creatinine levels at admission were used to calculate GFR. Low GFR was defined as lower than 60 mL/minute/1.73m^2^, which means moderate stage of chronic kidney disease. Patients with estimated GFR \<60 mL/minute/1.73m^2^ were defined as having chronic kidney disease. Determination of AKI was established by Acute Kidney Injury Network criteria, which was based on the Risk, Injury, Failure, Loss, End-stage renal disease classification.[@b9-ijnrd-7-101] AKI was defined as: an abrupt reduction in kidney function as evidenced by an increase in serum creatinine of more than or equal to 0.3 mg/dL, a percentage increase in serum creatinine of more than or equal to 50%, or a decrease in urine output.

All patients underwent routine T1 and T2 weighted brain magnetic resonance imaging (MRI), and 3D time-of-flight cerebral, carotid, and vertebral magnetic resonance angiography and diffusion MRI. MRI examinations were performed using a 1.5 tesla MRI unit (Siemens AG, Erlangen, Germany). All patients underwent routine T1-weighted spin echo, T2-weighted turbo spin echo, and fluid attenuated inversion recovery, as well as brain MRI and T1-weighted gradient echo 3D time-of-flight cerebral, carotid, and vertebral MR angiography. Additionally, single shot-echo planar diffusion weighted brain MRI and apparent diffusion coefficient maps were obtained. All patients were reviewed retrospectively based on the written reports.

A Vivid 7 color-Doppler ultrasound imager (General Electric, Fairfield, CT, USA) with a 2.5--5 MHz transducer was used for cardiac ultrasound. Tracings were recorded under 2-dimensional guidance, and measurements were taken at the tip of the mitral valve or just below that point. Left ventricular measurements were performed at end diastole and end systole according to the recommendations of the American Society of Echocardiography.

Serum was assessed using standard laboratory methods (Roche Hitachi analyzer 902; Hitachi Ltd, Tokyo, Japan).

Statistical analysis was performed using the statistical package SPSS version 17.0 (IBM Corporation, Armonk, NY, USA). For each continuous variable, normality was checked by Kolmogorov--Smirnov and Shapiro-Wilk tests. Comparisons between groups were applied using one-way Student's *t*-test for normally distributed data and Mann--Whitney *U*-test was used for the data not normally distributed. The categorical variables between the groups were analyzed by using the chi-square test. A multiple logistic regression analysis was used to determine associations between AKI and other measurements, with AKI as dependent variable. Values of *P*\<0.05 were considered as statistically significant.

Results
=======

The subjects were 160 patients with acute ischemic stroke including 70 females and 90 males with a mean age 67.90±12.63 years (range =35--94 years). Only 129 subjects were selected for the study these subjects had results of serum creatinine levels at 72 hours of admission. These were 56 females and 73 males with a mean age 68.16±12.29 years. Mean mannitol dose was 247.47±23.35 (range =200--300) g/day. Furosemide dose was 80 mg/day. When these patients were divided into two groups -- with AKI and without AKI -- results revealed that there was no difference between these two groups regarding age, sex, hypertension, diabetes mellitus, coronary artery disease, chronic kidney disease, carotid artery stenosis, vertebral artery stenosis, left ventricular hypertrophy, and aortic valve calcification. Meanwhile, having atrial fibrillation, higher DPB at admission, and antiedema therapy with mannitol and furosemide was significantly associated with the development of AKI. No patient had been managed with nephrotoxic drugs like aminoglycosides or nonsteroidal anti-inflammatory drugs. The baseline characteristics of the subjects regarding AKI are outlined in [Table 1](#t1-ijnrd-7-101){ref-type="table"}.

Mannitol and furosemide were used together to manage cerebral edema. Because of this, only mannitol was used in regression analysis to represent antiedema therapy. Multiple logistic regression analysis was used to show associations between AKI and other factors in acute ischemic stroke patients. AKI was used as a dependent variable and results revealed that higher DBP (*P*=0.029) and management with mannitol (*P*=0.044) were the risk factors for AKI ([Table 2](#t2-ijnrd-7-101){ref-type="table"}).

Discussion
==========

Mannitol is an osmotic diuretic agent widely used in perioperative settings because it is believed that mannitol increases renal blood flow and GFR, and decreases tubular obstruction rate and acute renal failure risk. However, Redfors et al showed that mannitol increases renal oxygen consumption and does not change renal blood flow.[@b10-ijnrd-7-101] Meanwhile, some randomized controlled studies including cardiac surgery, traumatic rhabdomyolysis, and vascular and biliary tract surgery patients found no risk reduction in acute renal failure.[@b11-ijnrd-7-101]--[@b13-ijnrd-7-101] On the contrary, mannitol-induced acute renal failure was described after treatment with more than 200 g/day, and accumulative doses of 750--1000 g in some studies.[@b5-ijnrd-7-101],[@b14-ijnrd-7-101],[@b15-ijnrd-7-101]

In this study, subjects were managed with a mannitol dose more than 200 g/day. Antiedema therapy consisted of mannitol and furosemide. Both of them were significantly associated with AKI, probably increasing nephrotoxicity of each other with their hypovolemic effects. Additionally, osmotic nephrosis caused by mannitol could result in AKI.[@b1-ijnrd-7-101] Furosemide had a synergistic role in the development of osmotic nephrosis. Other predisposing factors were advanced age, diabetes mellitus, and preexisting renal insufficiency.[@b7-ijnrd-7-101] However, results of this study revealed that there was no significant association between development of AKI and these factors. This could be attributed to the low number of patients in the study.

Having atrial fibrillation was another risk factor associated with AKI in acute ischemic stroke patients. Atrial fibrillation could promote systemic inflammation, induce fibrosis within the myocardium, and contribute to decline of left ventricular systolic and diastolic function over time.[@b16-ijnrd-7-101] It was known that effective arterial volume could be low in patients with atrial fibrillation. This could explain the association of atrial fibrillation with AKI in this study.

Systolic and diastolic blood pressure at admission were both higher in patients who developed AKI. Meanwhile, only DBP revealed significant association with AKI. Regression analysis disclosed that higher DBP and management with mannitol were the significant risk factors for AKI in acute ischemic stroke patients. Hypertension history was found to be frequent among patients of this study. More severe hypertension or uncontrolled hypertension could explain the association between higher DBP and AKI.

Sympathetic nerve system activity was increased in rats with acute ischemic stroke.[@b17-ijnrd-7-101] This activity could induce proinflammatory cytokine production such as tumor necrosis factor alpha and monocyte chemoattractant protein-1.[@b17-ijnrd-7-101] Monocyte chemoattractant protein-1 and tumor necrosis factor alpha could mediate acute ischemic and toxic kidney injury.[@b18-ijnrd-7-101],[@b19-ijnrd-7-101] Higher systolic and diastolic blood pressure in patients developing AKI could be attributed to higher sympathetic nerve system activity.

The limitations of this study were the retrospective design of the study, low patient number, and lack of data about smoking history and antiplatelet drug medication.

In conclusion, higher DBP at admission is the most important risk factor for AKI. However antiedema therapy should be used carefully in patients with acute ischemic stroke. Serum creatinine levels or estimated GFR should be monitored frequently to prevent AKI.
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###### 

The baseline characteristics of the subjects regarding AKI

                                 Total          AKI (negative)   AKI (positive)   *P*-value
  ------------------------------ -------------- ---------------- ---------------- -----------
  N                              129            115              14               
  Age (years)                    68.16±12.29    67.68±12.31      72.14±11.78      NS
  Sex (male/female)              73/56          64/51            9/5              NS
  Hypertension                   120 (93.0%)    107 (93.0%)      13 (92.9%)       NS
  Diabetes mellitus              56 (43.4%)     51 (44.3%)       5 (35.7%)        NS
  Coronary artery disease        63 (48.8%)     54 (47.0%)       9 (64.3%)        NS
  Atrial fibrillation            32 (24.8%)     25 (21.7%)       7 (50.0%)        0.043
  Carotid artery stenosis        27 (21.3%)     25 (21.9%)       2 (15.4%)        NS
  Vertebral artery stenosis      20 (15.7%)     20 (17.5%)       0 (0%)           NS
  Left ventricular hypertrophy   97 (75.2%)     88 (76.3%)       9 (64.3%)        NS
  Aortic valve calcification     30 (23.3%)     25 (21.7%)       5 (35.7%)        NS
  SBP (mmHg)                     143.56±24.43   144.20±25.16     156.00±31.06     NS
  DBP (mmHg)                     81.25±13.40    80.56±13.36      89.07±17.41      0.032
  Hemoglobin (g/dL)              13.41±1.67     13.39±1.69       13.56±1.55       NS
  WBC (1,000/mm³)                9.84±3.25      9.85±3.28        9.80±3.05        NS
  Platelets (1,000/mm³)          275.12±83.32   273.97±82.23     284.57±94.57     NS
  Total cholesterol (mg/dL)      183.33±43.01   184.66±44.49     172.64±27.42     NS
  LDL-C (mg/dL)                  115.29±34.00   116.22±34.94     107.87±24.93     NS
  HDL-C (mg/dL)                  37.10±9.04     37.26±9.41       35.79±5.18       NS
  Triglycerides (mg/dL)          157.07±88.29   158.05±88.37     149.29±90.51     NS
  Serum creatinine (mg/dL)       1.10±0.68      1.10±0.70        1.16±0.51        NS
  Serum calcium (mg/dL)          9.13±0.58      9.10±0.56        9.25±0.68        NS
  Serum phosphorus (mg/dL)       3.53±0.79      3.52±0.78        3.55±0.87        NS
  Serum albumin (g/dL)           3.69±0.55      3.65±0.57        3.85±0.43        NS
  eGFR (mL/minute/1.73 m^2^)     73.97±27.65    74.96±27.39      65.86±29.41      NS
  Chronic kidney disease         37 (28.7%)     30 (26.1%)       7 (50.0%)        NS
  Proteinuria (g/L)              0.45±1.49      0.50±1.56        0.03±0.10        NS
  CRP (mg/L)                     19.49±36.57    19.11±37.78      22.37±26.61      NS
  ACEI/ARB                       51 (40.2%)     45 (39.8%)       6 (42.9%)        NS
  Ca channel blockers            82 (64.6%)     73 (64.6%)       9 (64.3%)        NS
  Beta blockers                  45 (35.4%)     38 (33.6%)       7 (50.0%)        NS
  Antiaggregant drug             11 (6.88%)     9 (7.8%)         2 (14%)          NS
  Mannitol                       52 (40.3%)     42 (36.5%)       10 (71.4%)       0.019
  Furosemide                     52 (40.3%)     42 (36.5%)       10 (71.4%)       0.019

**Abbreviations:** ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; AKI, acute kidney injury; Ca, calcium; CRP, C-reactive protein; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; SBP, systolic blood pressure; WBC, white blood cell; NS, not significant.

###### 

Multiple logistic regression analysis between AKI and other risk factors for stroke, with AKI as a dependent variable

                      *B*      SE      Wald    *df*   *P*-value   Odds ratio   95% CI for Exp(B)   
  ------------------- -------- ------- ------- ------ ----------- ------------ ------------------- --------
  Age                 0.023    0.030   0.571   1      0.450       1.023        0.964               1.085
  Sex                 0.171    0.665   0.066   1      0.798       1.186        0.322               4.366
  Diabetes mellitus   0.149    0.668   0.050   1      0.823       1.161        0.314               4.295
  Hypertension        1.406    1.358   1.071   1      0.301       4.078        0.285               58.432
  CAD                 0.632    0.685   0.851   1      0.356       1.882        0.491               7.212
  AF                  0.938    0.695   1.820   1      0.177       2.555        0.654               9.987
  DBP (mmHg)          0.046    0.021   4.786   1      0.029       1.047        1.005               1.091
  Mannitol            1.334    0.661   4.074   1      0.044       3.795        1.039               13.853
  Constant            −9.270   3.059   9.184   1      0.002       0.000                            

**Abbreviations:** AF, atrial fibrillation; AKI, acute kidney injury; CAD, coronary artery disease; CI, confidence interval; DBP, diastolic blood pressure; *df*, degrees of freedom; SE, standard error.
